Objective: To determine whether critical care transition programs reduce the risk of ICU readmission or death, when compared with standard care among adults who survived their incident ICU admission. Data Sources: MEDLINE, EMBASE, CENTRAL, CINAHL, and two clinical trial registries were searched from inception to October 2012. Study Selection: Studies that examined the effects of critical care transition programs on the risk of ICU readmission or death among patients discharged from ICU were selected for review. A critical care transition program included any rapid response team, medical emergency team, critical care outreach team, or ICU nurse liaison program that provided follow-up for patients discharged from ICU.
Data Extraction: Two reviewers independently extracted data on study characteristics, transition program characteristics, and outcomes (number of ICU readmissions and in-hospital deaths following discharge from ICU). Data Synthesis: From 3,120 citations, nine before-and-after studies were included. The studies examined medical-surgical populations and described transition programs that were a component of a hospital's outreach team (n = 6) or nurse liaison program (n = 3). Meta-analysis using a fixed-effect model demonstrated a reduced risk of ICU readmission (risk ratio, 0.87 [95% CI, 0.76-0.99]; p = 0.03; I 2 = 0%) but no significant reduction in hospital mortality (risk ratio, 0.84 [95% CI, 0.66-1.05]; p = 0.1; I 2 = 16%) associated with a critical care transition program. The risk of ICU readmission was similar whether the transition program was included within an outreach team or a nurse liaison program and did not depend on the presence of an intensivist. Conclusions: Critical care transition programs appear to reduce the risk of ICU readmission in patients discharged from ICU to a general hospital ward. Given methodological limitations of the included before-and-after studies, additional research should confirm these observations and explore the ideal model for these programs before recommending implementation. (Crit Care Med 2014; 42:179-187) Key Words: adverse event; critical care outreach; critical illness; discharge; medical emergency team; mortality; readmission T ransitions of patient care between healthcare providers expose patients to potentially preventable errors and adverse events (1, 2) . The transfer of patients from an ICU to a general hospital ward represents a high-risk event whereby some of the sickest patients in the hospital experience a change in healthcare providers and environment. Critical care transition programs (TPs) (i.e., programs that provide transition services for patients discharged from ICU to a regular ward) may aid in the safe transition of patients with resolving critical illness to a general hospital ward (3 respiratory therapist, and/or physician) often overlap with a hospital's critical care outreach team that provides resuscitation for other acutely ill hospitalized patients (4) (5) (6) . However, they are also frequently administered as part of a standalone ICU nurse-driven program (3) . Therefore, the role of the TP is generally distinct from that of rapid response and medical emergency teams (METs).
Few studies have examined the effect of critical care TPs on the risk of readmission or death following discharge from a critical care unit (4) (5) (6) (7) . This includes the five systematic reviews that have examined the effects of critical care outreach/ METs on hospitalized adult patients (8) (9) (10) (11) (12) but not on critical care TPs. As these TPs are expensive and resource intensive, it is important to understand whether they improve clinically relevant outcomes. Therefore, we performed a systematic review and meta-analysis to examine whether critical care TPs reduce the risk of ICU readmission or death, when compared with standard care among patients who survive their incident admission to an adult ICU. We defined a critical care TP as any rapid response team/system, MET, critical care outreach team/ service, or ICU liaison nurse program that provided routine follow-up to patients recently discharged from ICU.
METHODS
The methods for article inclusion and data analyses were prespecified and aligned with recommendations outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses and Cochrane Collaboration guidelines (13, 14) . We searched for studies that examined the effect of critical care TPs on the risk of readmission or death following ICU discharge. An ICU readmission was defined as a repeat admission to ICU following discharge during the same hospitalization and included both early (< 48 hr after discharge) and late (≥ 48 hr) readmissions (15) .
Search Strategy and Data Sources
The search strategy included filters for the themes critical illness, outreach programs, readmission/mortality, and controlled study designs using a combination of exploded Medical Subject Heading terms and text words that were combined with the Boolean operator "OR." The OVID interface was used to search MEDLINE (eAppendix 1, Supplemental Digital Content 1, http://links.lww.com/CCM/A721), EMBASE, and the Cochrane Central Register for Controlled Trials (CEN-TRAL) from database inception to October 2012. CINAHL Plus was also searched via the EBSCO interface from database inception to October 2012. A language restriction was not used; however, the search was limited to human studies in adults. Additional searches were performed in two clinical trial registries (http://www.clinicaltrials.gov/ and http://www. controlled-trials.com), and abstracts from major international conferences (Society of Critical Care Medicine, American Thoracic Society, European Society of Intensive Care Medicine, and the Critical Care Canada Forum) between 2009 and 2011 were searched by hand. The authors' personal files and cited references from included studies, and bibliographies of previously published reviews, and meta-analyses were also searched (8) (9) (10) (11) (12) 16) .
Selection Criteria
Articles were assessed for inclusion through a two-stage process. First, titles and abstracts of all studies identified by the search strategy were independently screened for their relevance to this review by two authors (D.J.N., J.F.B.). An article was considered for inclusion at this initial screen if 1) the article described original research and 2) the article appeared to describe a critical care TP. The full text of each potentially eligible study was then reviewed in duplicate to determine whether it fulfilled this study's inclusion and exclusion criteria. Studies had to meet each of the following inclusion criteria: 1) study population included adults (< 10% of study population was < 18 yr old) admitted to an ICU, 2) intervention cohort exposed to a critical care TP, 3) control population was not managed with a critical care TP, 4) ICU readmission rate reported, and 5) controlled study design (randomized clinical trial, controlled clinical trial, interrupted time series, before/ after study). Articles that met any one of the following exclusion criteria were not included in the review: 1) pediatric study population, 2) no clear description of a critical care TP, 3) no control population, 4) ICU readmission rate not reported, 5) not original research, and 6) animal study. Agreement between authors was quantified using the κ statistic.
Data Extraction and Quality Assessment
Data were extracted in duplicate using a predesigned form. Extracted data described the studies, the patients, the critical care TPs, and the outcomes. Study characteristics included the study design, study year(s), the number of centers studied, the type of center (teaching vs nonteaching, closed vs open ICU), and the country(s) wherein the study was conducted. Patient characteristics included the number of patients in the intervention and control groups, case-mix, measures of illness severity, and number with a do-not-resuscitate order. Characteristics of the TPs included the structure of the team (i.e., part of a rapid response team and MET), the team members, and the frequency and length of follow-up once patients were discharged to the general ward. Outcomes of interest included the number of readmissions to ICU and in-hospital deaths (among those who survived their incident ICU admission) in the intervention and control groups. The risk of bias among the included studies was examined using the Cochrane Collaboration criteria for controlled studies (11) .
Data Synthesis and Statistical Analysis
The primary meta-analysis focused on determining the effect of critical care TPs on the risk of ICU readmission. The secondary meta-analysis examined the risk of in-hospital mortality associated with a critical care TP for patients discharged from ICU to a general ward. Both of these analyses were reported as a pooled risk ratio (RR) determined through a fixed-effect model using the methods of or a random-effects model using the methods of DerSimonian and Laird (18) , as appropriate (14, 19) . Interstudy heterogeneity was examined via Cochran Q test and the I-squared (I 2 ) statistic, wherein a p value of less than 0.05 and an I 2 value of more than 25% indicated the presence of interstudy heterogeneity (20) . To examine for potential sources of heterogeneity, the primary analysis was repeated among predefined strata, namely closed versus open ICU, structure of the TP, and whether the TP included an intensivist. Visual inspection of a funnel plot and Begg test were used to assess for publication bias (21) . All analyses were conducted using Stata version 12.1 (StataCorp, College Station, TX), and a p value of less than 0.05 indicated statistical significance.
RESULTS

Study Selection
The article selection process is outlined in Figure 1 . The electronic database searches identified 3,572 citations, with an additional 18 identified through hand searches of bibliographies of included studies, other reviews, and the aforementioned list of conference proceedings. Following removal of duplicates, 3,120 articles were screened for their relevance to this study, of which 53 were selected for full-text review and nine were included in the systematic review (4) (5) (6) (7) (22) (23) (24) (25) (26) . Articles excluded at the full-text review stage (n = 44) commonly did not describe the use of a critical care TP (n = 34) or failed to use a controlled study design (n = 6). One study was excluded from the primary meta-analysis as it did not report the number of patients discharged to the ward following their initial ICU admission in the intervention and control groups, and the corresponding author was unable to provide the requisite data (25) . Agreement between investigators at the full-text review stage was excellent as indicated by a κ of 0.8.
Study Description
A detailed description of the included studies is provided in Table 1 . Each study used a before-and-after design, and all but one study (26) took place in a single hospital. Most studies occurred in the United Kingdom or Australia/ New Zealand, and seven took place in teaching hospitals. Although most of these hospitals likely contained closed ICUs, only four studies clearly articulated this in their article (6, 7, 24, 26) . The total number of patients included in the primary meta-analysis was 16,433 with a median (interquartile range) of 1,516 (470-3,001) patients per study. The patients were mostly admitted to mixed medical-surgical ICUs, and among those that reported the age of the study participants (4, 5, 7, 25, 26) , the mean (SD) age of the intervention and control groups was 56 years (6 yr) and 58 years (7 yr), respectively. Similarly, the mean (SD) Acute Physiology and Chronic Health Evaluation II score was 17 (2) and 17 (2) in the intervention and control groups among studies that reported a measure of illness severity (4, 7, 26) . The critical care TPs were commonly administered by the hospital's outreach/MET (n = 6); however, three centers used an ICU liaison nurse to facilitate the transition from ICU to the general ward (7, 24, 26) . An intensivist was an active member of the TP in only four studies (6, 22, 23, 25) . Only one of the outreach/MET teams visited patients prior to ICU discharge (25) , whereas the three ICU nurse liaison programs routinely visited patients prior to ICU discharge (7, 24, 26) . Discharged patients were followed for up to 48 hours (n = 3) or until evidence of clinical stability (n = 6). Readmission to ICU was included in the primary outcome in six studies (4) (5) (6) (23) (24) (25) .
Effect of a Critical Care TP on the Risk of ICU Readmission and Mortality
Results from the primary meta-analysis did not depend on whether a fixed-effect or random-effects model was used to pool the data. As determined by a fixed-effect model, critical care TPs were associated with a reduced risk of ICU readmission (pooled RR, 0.87 [95% CI, 0.76-0.99]; p = 0.03). The risk of readmission was identical when the data were pooled using a random-effects model (RR, 0.87 [95% CI, 0.76-0.99]; p = 0.03). This was likely due to low interstudy heterogeneity (14, 19, 27) as suggested by the Forest plot in Figure 2 and confirmed by the I 2 statistic (0%) and Cochran Q test (p = 0.5). As such, the fixed-effect model was used to report the overall risk of ICU readmission associated with a critical care TP.
Although there was no evidence of interstudy heterogeneity, stratified analyses were performed to examine for differences in the risk of ICU readmission across various patient and program characteristics. As shown in the eTable 1 (Supplemental Digital Content 1, http://links.lww.com/CCM/A721), the risk of readmission was similar whether the TP was included as a component of an outreach team (RR, 0.83 [95% CI, 0.69-0.99]) or a nurse liaison program (RR, 0.91; 95% CI, 0.75-1.10). The presence of an intensivist within the TP also did not appreciably alter the risk of ICU readmission. In addition, the risk for ICU readmission did not depend on whether or not the studies reported baseline demographic characteristics among the intervention and control groups (eTable 1, Supplemental Digital Content 1, http://links.lww.com/CCM/A721). Further analyses according to closed versus open ICUs and early (< 48 hr) versus late (≥ 48 hr) readmissions were not possible due to inconsistencies in reporting of these characteristics among the included studies. It was also not possible to determine whether the reduced risk for ICU readmission was related to a change in a patient's goals of care as this was infrequently reported.
We examined whether critical care TPs reduced hospital mortality among those discharged from ICU to the general ward in the three studies that provided these data (4, 6, 7) . The pooled RR for hospital mortality as determined by a fixedeffect model was 0.84 (95% CI, 0.66-1.05; p = 0.1). Repeating this analysis using a random-effects model did not appreciably change the pooled effect estimate (RR, 0.82 [95% CI, 0.63-1.06]; p = 0.1).
Risk of bias Assessment
Visual inspection of the funnel plot (eFig. 1, Supplemental Digital Content 1, http://links.lww.com/CCM/A721) and Begg test (p = 0.7) did not demonstrate significant publication bias among the included studies. The risk of methodological bias among the included studies as assessed by the Cochrane Collaboration Criteria (11) is outlined in Table 2 . All studies were before-and-after designs and at risk for bias. This is especially true for their susceptibility to confounding and measurement bias due to the lack of randomization and blinding. Each study was also at risk for selection bias due to a lack of allocation concealment.
DISCUSSION
This meta-analysis suggests that bridging the high-risk transition of patients from ICU to a general hospital ward through a critical care TP is associated with a reduced risk of ICU readmission. To our knowledge, this is the first meta-analysis to examine the effect of critical care TPs on the risk of readmission or death following ICU discharge. Although previous reviews of outreach/MET teams generally did not demonstrate a positive effect on important outcomes (e.g., mortality) (8) (9) (10) (11) (12) for hospitalized patients with sudden clinical deterioration, the current meta-analysis found that patients discharged from ICU may benefit from critical care TPs. This disparity in results is likely due to the fact that this study included different studies and focused on a more targeted intervention (critical care TPs) among higher risk patients (those discharged from ICU) than the MET studies included in previous meta-analyses (28) . Consequently, this study identified a cohort of highrisk patients that may benefit from an aspect of critical care outreach (i.e., follow-up after ICU discharge) that has been widely implemented in spite of a paucity of supporting evidence. However, these results should be confirmed through additional studies that use more robust research methodology (e.g., quasi-experimental study or a prospective randomized trial) as they are based on a small number of before-and-after studies at risk for bias.
Given that critical care TPs appear to reduce the risk of readmissions among patients discharged from ICU, there is a need to further define the ideal model for these programs. Should facilitating the complex transition from ICU to a general ward be the responsibility of a hospital's multidisciplinary outreach team, or should it be included within a critical care nursedriven program? Although the TPs included in this review were a mixture of outreach teams and nurse liaison programs, a Each before-and-after study was at inherent risk of selection bias. No study adjusted the primary/secondary outcomes for differences in patient demographics between the two study periods; however, among studies that reported baseline characteristics, the populations appeared similar (Table 1) , and stratified analyses did not detect a difference in the overall risk for ICU readmission according to whether baseline characteristics of the study populations were reported (eTable 1, Supplemental Digital Content 1, http://links.lww.com/CCM/A721).
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January 2014 • Volume 42 • Number 1 stratified analyses did not demonstrate any significant difference in the risk of ICU readmission for the nurse liaison versus outreach programs (eTable 1, Supplemental Digital Content 1, http://links.lww.com/CCM/A721). Furthermore, the presence of an intensivist did not significantly affect the risk of ICU readmission. Although these subgroup analyses may have lacked statistical power, it is also possible that the composition of the team is not as important as the mere presence of healthcare providers skilled in the early identification and treatment of recurrent critical illness. Readmission and mortality following ICU discharge are measures of hospital performance (29) , and these TPs are resource intensive. Therefore, additional studies that examine the ideal model for facilitating the transition from ICU to a general ward are urgently needed.
Another important question raised by this study relates to the mechanism through which critical care TPs reduce the risk of readmissions following ICU discharge. ICUs discharge thousands of patients annually, all with disparate probabilities of being readmitted to ICU (15, (30) (31) (32) . The benefit of critical care TPs may be confined to those patients at greatest risk of readmission, through increased continuity of care, identification of deviations from established care plans, and provision of timely treatment for recrudescent critical illness. On the other hand, a decrease in ICU readmissions may result from a change in the goals of care for patients discharged from ICU that develop recurrent critical illness. Given the specialized knowledge of critical care practitioners, it is not uncommon for goals of care decision making to be facilitated by members of a critical care service. Unfortunately, this meta-analysis was unable to test these hypotheses due to a lack of data regarding the risk profile for patients discharged from ICU and inconsistent reporting of the number of patients with a do-not-resuscitate order. In addition, it was not possible to assess whether TPs had different effects in teaching and nonteaching hospitals as all but one of the studies took place in a teaching institution. Therefore, future research should also attempt to identify whether there are patient and institutional characteristics that predict the greatest benefit from these programs, and how that benefit is achieved.
This study has important strengths and limitations that warrant discussion. First, to our knowledge this is the first metaanalysis to examine the effect of critical care TPs on the risk of ICU readmission and death following ICU discharge. We followed currently accepted methodological standards for the conduct and reporting of meta-analyses (13, 14) that should have minimized systematic biases within our results. The main limitations of this review relate to the risk for bias among the included studies, and inconsistencies in data reporting (e.g., baseline characteristics of the study populations) that limited the ability to assess the effect of critical care TPs on the risk of in-hospital death, and conduct meaningful stratified analyses to assess the mechanism by which ICU readmissions were reduced. In addition, the majority of TPs were based in the United Kingdom or Australia/New Zealand, thereby potentially limiting generalization of these results to other health systems. As such, these results should be considered hypothesis generating and need to be confirmed through additional studies that use stronger research methodology, such as an interrupted time series analysis or randomized clinical trial.
CONCLUSIONS
In conclusion, although critical care TPs have not been examined in a randomized clinical trial, this meta-analysis of beforeand-after studies suggests that they facilitate the high-risk transition of patients from an ICU to a general hospital ward by reducing the risk of ICU readmission. However, the ideal model for such a program, as well as the mechanism through which patient outcomes are improved, should be understood through further research before recommendations regarding their implementation into clinical practice can be made.
